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Purpose: Patients with chronic kidney disease (CKD) are particularly vulnerable to the risks of polypharmacy, largely owing to 
various comorbid conditions. This vulnerability is further compounded by an escalated risk of renal function deterioration when 
exposed to nephrotoxic medications. As part of the national health insurance program in Taiwan, the pre-end-stage kidney disease 
patient care and education plan has included pharmaceutical care since October 2021. This study aims to explore the effect of 
pharmacist involvement in a multidisciplinary care team for patients with kidney disease in outpatient settings.
Patients and Methods: This retrospective observational study was conducted at a single center. It analyzed data from May 2022 to 
May 2023, focusing on patients who received medication therapy management in the kidney disease pharmacist-managed clinic. The 
study assessed changes in patient medication adherence, non-steroidal anti-inflammatory drugs (NSAIDs) usage, CKD stage, and urine 
protein-to-creatinine ratio (UPCR) after pharmacist intervention. It also documented pharmacists’ medication recommendations and 
the rate of acceptance by physicians.
Results: A total of 202 patients who had at least two clinic visits were included in the study. After pharmacist intervention, the proportion of 
poor medication adherence reduced significantly from 67.8% to 43.1% (p<0.001). The proportion of NSAID users also decreased significantly 
from 19.8% to 8.4% (p=0.001). CKD stage showed a significant reduction (p=0.007), and the average UPCR improved from 2828.4 to 
2111.0 mg/g (p<0.001). The pharmacists provided a total of 56 medication recommendations, with an acceptance rate of 86%.
Conclusion: The involvement of pharmacists in the multidisciplinary care team can effectively provide medication-related recommenda
tions, ensuring the effectiveness and safety of patients’ medication use, and lead to better kidney function and lower proteinuria.
Keywords: pharmaceutical care, medication therapy management, chronic kidney disease, medication adherence, non-steroidal 
anti-inflammatory drugs

Introduction
Chronic kidney disease (CKD) is a prevalent global health issue, with significant economic implications, contributing to 
a substantial burden on health systems worldwide.1,2 Globally, CKD prevalence is estimated to range between 10–14%, with 
stage three kidney disease being the most common.1 Despite significant strides in medical technology, the global age-standardized 
mortality rate for CKD have not exhibited a declining trend.3 The pharmacotherapy for patients with CKD is often complex and 
multifaceted. These treatment regimens typically encompass drugs aimed at decelerating the progression of the disease, including 
angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), and sodium–glucose cotransporter 2 
(SGLT2) inhibitors. Additionally, they involve medications to manage associated comorbidities and complications. Such 
comprehensive therapeutic strategies often lead to polypharmacy, characterized by the regular administration of five or more 
medications daily. This, in turn, frequently presents challenges in terms of patient adherence to medication schedules.4
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Poor adherence to medication regimes may impact health-related quality of life, and even correlate with deteriorating kidney 
function.5,6 CKD patients are also at elevated risk of using nephrotoxic drugs, notably non-steroidal anti-inflammatory drugs 
(NSAIDs), which may exacerbate kidney function, cause acute kidney injury (AKI), and heighten hospitalization risk.7–9 In East 
Asia, the situation may be further complicated due to the habitual use of traditional Chinese herbal remedies among the populace 
and the potential drug-herb interactions and adverse reactions.10,11 As CKD care necessitates precise control of multiple factors, 
including medication, diet, and lifestyle habits, international guidelines endorse a multidisciplinary collaborative model for 
kidney disease care and advise consultation with a pharmacist before the utilization of over-the-counter (OTC) drugs or dietary 
supplements.12–14 Incorporating medication therapy management (MTM) through pharmacists has demonstrated potential to 
enhance patient medication adherence, mitigate healthcare costs, and improve CKD patients’ quality of life.15 Prior research has 
indicated that pharmacist interventions for both inpatients and outpatients with CKD can resolve medication-related problems 
(MRPs), promote medication adherence, and improve disease control.16,17

Taiwan initiated a multidisciplinary team care and health education program for pre-end-stage renal disease (pre-ESRD) 
patients in 2006, which included nephrologists, nurses, dieticians, and social workers, but notably excluded pharmacists. 
Following several years of this program’s implementation, studies suggested that it optimized the prescription of erythropoi
esis-stimulating agents and cholesterol-lowering statin drugs, leading to enhanced anemia treatment and post-dialysis survival 
rates. However, a significant proportion of patients (≥20%) reportedly continued NSAID use before dialysis.18 Furthermore, 
medication adherence among this patient population remains undetermined. Pharmacists were integrated into the Pre-ESRD 
program’s multidisciplinary care team in October 2021. However, the effectiveness of pharmacist-led MTM for this patient 
population in Taiwan is yet to be fully examined due to lack of relevant data. This study aimed to investigate the effect of 
pharmacist-led MTM on improving adherence and reducing the use of potentially nephrotoxic NSAIDs among patients with 
CKD. Additionally, we also explored its effect on renal function deterioration.

Materials and Methods
This was a single-center retrospective study. Adult patients (aged ≥18 years) diagnosed with CKD stages 3b, 4, or 5, without 
dialysis, were eligible for pre-ESRD multidisciplinary care at National Taiwan University Hospital (NTUH). Inclusion criteria 
also encompassed individuals with significant proteinuria (24-hour urine total protein excretion > 1000 mg or urine protein 
and creatinine ratio [UPCR] > 1000 mg/g), and those who had an estimated glomerular filtration rate (eGFR) by the 
Modification of Diet in Renal Disease (MDRD) formula < 45 mL/min/1.73 m2 following AKI leading to acute kidney disease 
(AKD). Patients newly enrolled in the Pre-ESRD program at NTUH were referred to the kidney disease pharmacist-managed 
clinic (PMC). The study involved individuals who voluntarily engaged in at least two pharmacist-led MTM sessions, with 
a minimum interval of three months between sessions, conducted between May 2022 and May 2023. This study was 
conducted in compliance with the Declaration of Helsinki and received approval from the Research Ethics Committee of 
National Taiwan University Hospital (approval number: 202307205RIND; 2023). Patient informed consent was waived due to 
the retrospective nature of the study, and all collected data was anonymized and kept confidential.

The pre-ESRD multidisciplinary team included nephrologist, nurse, dietician, and pharmacist (Table 1). The team 
provided comprehensive care through personalized guidance, including daily life, diet, and medication use, with the goal of 
delaying kidney function deterioration, avoiding CKD-related complications, and improving the overall quality of CKD care. 
Each professional provided care within the same day. The patient received basic self-care information from the nurse, 
nutritional assessment and diet guidance from the dietician, and was then referred to the PMC. Two pharmacists were 
certificated to provide MTM and three major dimensions were focused. First, medication adherence was assessed based on the 
patient’s compliance with their medication regimen in the past month, and potential causes of poor adherence were identified 
and addressed. Medication adherence was evaluated using the Adherence to Refills and Medications Scale (ARMS), scored by 
the pharmacists. The scale ranged from 12 to 48, with a score of 12 signifying complete adherence to medication instructions. 
Conversely, higher scores (>12) indicated a more severe degree of non-adherence, reflective of increased instances of non- 
compliance with prescribed medication regimens or missed refills.19 Second, medication reconciliation was provided and 
pharmacist integrated prescription drugs from all hospitals, over-the-counter medications, nutritional supplements, and 
Chinese herbal remedies used by the patient. These encompassed both traditional Chinese medicines prescribed by traditional 
Chinese physicians and those independently acquired by the patient, which could include purchases from Chinese medicine 
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shops, pharmacies, or from other sources. If MRPs were identified, the pharmacist directly contacted the physician by phone or 
used a medication recommendation sheet to solve the problems. These MRPs were also documented in the electronic record 
system. Special attention was paid to NSAID assessment, with NSAID exposure assessed by tracking usage in the past three 
months, including prescription and OTC drugs. If any NSAID was used, the appropriateness of the usage was assessed and 
alternative treatments were explored for avoidance. Third, medication counseling education included knowledge about disease 
self-caring, medications, and education to avoid drug related kidney injury.

Data on baseline demographics, eGFR, UPCR, ARMS score and NSAID use were collected from the electronic medical 
records of the enrolled patients. Categorical variables were expressed as number with percentage and continuous variables 
are expressed as mean ± standard deviation or median with range. The study evaluated changes in kidney function by 
comparing the most recent CKD stage and UPCR values obtained within the three months before inclusion with the latest 
values acquired at the second visit. Analysis of CKD stage changes was limited to patients admitted with CKD (excluding 
AKD) and an eGFR ≤ 45 mL/min/1.73 m2. Evaluation of proteinuria changes was restricted to individuals with significant 
proteinuria (UPCR > 500 mg/g). Continuous variables (such as ARMS score and UPCR) were subjected to analysis 
employing paired t-tests, whereas categorical variables (specifically ARMS categorization as > or = 12, CKD stage, and 
NSAID use) were evaluated utilizing McNemar’s test, with a predetermined level of statistical significance set at p<0.05. All 
statistical analyses were performed using STATA v.14.0 (StataCorp, College Station, TX, USA).

Results
Between May 1, 2022, and May 31, 2023, we enrolled a total of 202 patients. Patient demographics are detailed in 
Table 2. The cohort comprised more males (61.9%), with an average age of 68 years. CKD cases constituted the majority 
(91.6%), including significant proteinuria cases (UPCR > 1000 mg/g) which accounted for 11.4% of the total. AKD cases 
were 17 in number (8.4%). In terms of renal function at enrollment, CKD Stage 3b was most common, accounting for 
47.0% of the cases, followed by stage 4 at 26.7%. Regarding medication, the median number of currently used 
prescription drugs was nine (range 1–25), with 179 (88.6%) patients taking five or more different medications, and 86 
(42.6%) patients taking 10 or more different medications. 40 (19.8%) patients had used NSAIDs in the previous three 
months.

Table 1 Members of the Pre-ESRD Multidisciplinary Team and Respective Responsibilities

Member Working Place Responsibilities

Nephrologist Nephrology clinic 1. Pre-ESRD program enrollment
2. Kidney function and prognosis evaluation

3. Patient treatment plan

4. Prescription and medication adjustment
5. Preparation of RRT modality

Nurse CKD health education room 1. Case management and coordination
2. Risk factor assessment
3. Stage-specific care plan

4. Self-management education

5. Facilitating shared decision making

Dietician CKD health education room 1. Nutritional assessment
2. Evaluate and advise on daily energy and protein intake

3. Dietary and nutritional counseling

Pharmacist Pharmacist-managed clinic 1. Comprehensive medication review
2. Assess and enhance drug adherence

3. Manage medication-related problems
4. Prevent drug-induced kidney injury

5. Medication education and counseling

Abbreviations: Pre-ESRD, pre-end-stage renal disease; RRT, renal replacement therapy; CKD, chronic kidney disease.
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We observed a significant reduction of patient numbers and proportion in poor medication adherence (ARMS score > 12) 
from 137 (67.8%) to 87 (43.1%) of the patients (p<0.001, Figure 1), accompanied by a significant decrease in the average 
score from 15.1±2.9 to 13.5±2.3 (p<0.001). The main factors affecting medication adherence were patients modifying 
medications independently and forgetting to take medicine due to high frequency of doses. The utilization of NSAIDs 
among patients exhibited a significant decrease, declining from 40 (19.8%) to 17 (8.4%) individuals (p=0.001). (Figure 2) 
Concerning MRPs, pharmacists made a total of 56 medication recommendations to physicians, 48 of which were accepted (an 
acceptance rate of 86%). The most common recommendation category was dosage or frequency (23%), followed by 
medication reconciliation (21%), suggestion of more appropriate medication (20%), and duration (13%).

Among 164 CKD patients with eGFR ≤ 45 mL/min/1.73 m² at the time of inclusion, a significant reduction in CKD 
stage was observed in 34 patients (20.7%). This was statistically significant (p=0.007). The average time interval between 
evaluations of CKD stage was 103 days. Among 109 patients with a UPCR > 500 mg/g at enrollment, 37 were excluded 

Table 2 Patient Demographics

Characteristics Summary (N = 202)

Age, mean ± SD (yr) 68 ± 15
Male, n (%) 125 (61.9)

Inclusion condition, n (%)

CKD 185 (91.6)
AKD 17 (8.4)

Number of medications ≥ 10 86 (42.6)

NSAID exposure in 3 months 40 (19.8)
≥ 2 comorbidities besides CKD 197 (97.5)

Others (transferred by doctor) 3 (1.5)
Comorbidities, n (%)

Diabetes 96 (47.5)

Hypertension 170 (84.2)
Gout 63 (31.2)

Heart failure 32 (15.8)

Coronary artery disease 38 (18.8)
Malignancy 35 (17.3)

Dyslipidemia 129 (63.9)

Anemia 75 (37.1)
Liver dysfunction 10 (5.0)

Autoimmune disease 23 (11.4)

CKD stage at inclusion, n (%)
Stage 1 4 (2.0)

Stage 2 5 (2.5)

Stage 3a 14 (6.9)
Stage 3b 95 (47.0)

Stage 4 54 (26.7)

Stage 5 30 (14.9)
UPCR > 500 mg/g, n (%) 109 (54.0)

Medication usage

Number of medications, median (range) 9 (1–25)
Polypharmacy (number of medications ≥ 5), n (%) 179 (88.6)

Number of prescribing doctors, median (range) 2 (1–8)

Currently using Chinese herbs, n (%) 24 (11.9)
Currently using OTC drugs, n (%) 28 (13.9)

Currently using nutritional supplements, n (%) 91 (45.0)

Abbreviations: SD, standard deviation; CKD, chronic kidney disease; AKD, acute kidney disease; 
NSAID, non-steroidal anti-inflammatory drugs; UPCR, urine protein and creatinine ratio; OTC, over- 
the-counter.
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due to lack of a second UPCR value. Analysis of the remaining 72 patients showed that the UPCR value significantly 
decreased from 2828.4 to 2111.0 mg/g (p<0.001), with an average interval of 102 days between UPCR evaluations.

Discussion
The majority of studies on the CKD population focus on dialysis patients or inpatient pharmacist interventions.16 This study 
focused on ambulatory care for pre-ESRD patients who had not yet started dialysis to investigate the effect of pharmacist 
intervention on medication adherence and avoidance of exposure to NSAIDs. Prior to the involvement of pharmacists in this 
multidisciplinary care approach, patients primarily received conventional medical care, with various specialists providing 
prescriptions independently. These prescriptions were subject to pharmacist review, focusing on their suitability in terms of 
indications, dosages, and potential drug interactions, prior to being dispensed to patients. However, this process did not sufficiently 
integrate different departments, nor did it evaluate aspects such as medication adherence, use of self-administered medications, or 
dietary supplements. With the introduction of pharmacist-led MTM, comprehensive evaluations became a routine part of care. 

Figure 1 Comparison of medication adherence before and after pharmacist intervention by Adherence to Refills and Medications Scale (ARMS).

Figure 2 Non-steroidal anti-inflammatory drugs (NSAID) use evaluation.
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These evaluations include assessments of medication adherence, medication reconciliation, and patient education, ensuring 
a holistic approach for every pre-ESRD patient. Our study shows that the involvement of pharmacists in pre-ESRD care in Taiwan 
can significantly enhance medication adherence and decrease NSAID use rate. CKD patients are high risk group of polypharmacy 
issue.20–22 A study in Germany found that as many as 80% of CKD patients belong to the polypharmacy group with five or more 
daily medications, with a median of eight total daily medications (range 0–27). Factors such as higher CKD stage, age, diabetes, 
and cardiovascular disease may contribute to polypharmacy.4 In our study, the prevalence of polypharmacy was notably higher, at 
88.6%. Therefore, medication adherence would be a problem in CKD patients. Studies on medication adherence in pre-ESRD 
patients showed that patients’ medication adherence is only about 67.4%, and that as kidney function declines and CKD stage 
increases, patients’ medication adherence worsens.23 Poor medication adherence, particularly concerning medications like renin- 
angiotensin-aldosterone system inhibitors, not only increases the risk of cardiovascular events and mortality but also correlates 
with heightened progression of CKD.24,25 To improve the quality of pharmaceutical care for pre-ESRD patients, we adopted 
a MTM model proven abroad to effectively improve the clinical disease control, medication adherence, and quality of life of CKD 
patients.15 The factors affecting medication adherence include patient-related factors (such as misconceptions about medication 
information and lack of medication-related self-efficacy), medication-related factors (such as polypharmacy), health care system- 
related factors (such as lack of trust in doctors by patients), and socio-economic factors (such as lack of social support and low 
education levels), all of which may lead to a decline in medication compliance.23,26 Previous research has found that health care 
professionals can help patients improve their medication compliance by incorporating medication administration into regular 
daily life.27 Providing reminder tools (like dosette boxes) can assist patients in avoiding forgetting to take their medications.28 

Helping patients dispel myths about pharmacotherapy and increasing patients’ knowledge about medication and how to deal with 
side effects can also be beneficial for medication compliance.23,27 In this study, pharmacists identified and resolved individual 
issues affecting patients’ medication adherence during consultations, successfully improved their medication adherence.

Preventing nephrotoxic drug exposure such as NSAID is another important issue in patients with kidney disease.29,30 

However, NSAIDs are still widely used worldwide. In the United States, about 19% of the population has used at least one type of 
NSAID in a year, and studies in Sweden and the United Kingdom have shown that about 15–17% of the elderly population over 
60–65 years old use NSAIDs long term.9,31,32 In our study, the NSAID use rate was 19.8%, similar to other countries, and 
pharmacist-led MTM could significantly reduce NSAID use rate in this high risk group of patients which is consistent to other 
studies.33,34 Pharmacists can help the patients to understand the risks of using NSAIDs, choose a substitutional pain management 
and further avoid to use NSAIDs, which could prevent renal function deterioration. Our study also found a trend of CKD stage 
and UPCR improving, which might be attributed to improved medication adherence and reduced NSAID use.

The incidence of MRPs in this study was comparatively lower than that reported in prior research focusing on outpatient 
nephrology pharmaceutical care.35–37 This reduced incidence can likely be attributed to the comprehensive Clinical Decision 
Support System (CDSS) implemented in our hospital. The CDSS rigorously evaluates each prescription, scrutinizing potential 
drug interactions, duplications, renal function-based dosing, and maximum dosage limits, thereby effectively preventing 
inappropriate prescriptions at the initial stage.38 Additionally, each prescription is required to undergo verification and 
approval by our pharmacists prior to being administered by nurses or dispensed to patients, which entailed a second review 
subsequent to the CDSS assessment. As such, the medication review conducted by pharmacists in the PMC functioned as an 
advanced, tertiary level of scrutiny, further minimizing the likelihood of inappropriate prescriptions.

This study has some limitations. First, this study was performed in a single medical center nephrology clinic in Taiwan. 
Therefore, this may limit the application of our results to other countries. However, because the results corresponded to studies 
conducted in different countries, the beneficial effects are probably similar in other clinical settings by the implementation of 
pharmacist-led MTM. Second, because the MRP data were documented in the electronic medical records by pharmacists, 
inadvertent omissions were likely to occur due to time constraints. Therefore, the actual count of MRPs identified by 
pharmacists may surpass what is documented in this study. This discrepancy arises, for instance, from the pharmacists’ 
recommendations for modifying prescriptions prescribed by external physicians which cannot document in our ambulatory 
recording system. Such modifications include dosage adjustments based on renal function (eg, for atenolol), advising against 
certain medications like metformin due to deteriorating renal function, or suggesting more suitable medications, such as 
SGLT2 inhibitors, to slow renal function decline. Therefore, it is plausible that the tangible impact and benefits of MTM are 
potentially undervalued or underestimated in our results. Third, the follow-up time of medication adherence, NSAID use rate 
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and renal function is relatively short (~3 month), long term follow-up is warranted to confirm the persistent effect of 
pharmacist intervention. Last, the retrospective design of our study and the small sample size present challenges in definitively 
attributing the observed decrease in CKD stage and proteinuria improvements solely to pharmacist intervention. Additional 
studies are essential to conclusively determine the clinical impact of such interventions.

Conclusion
Pharmacist-led MTM can enhance medication adherence and reduce NSAID usage rates in pre-ESRD patients, which 
might consequently lead to an improvement in renal function.
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